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FOREWORD 


The  research  work  described  in  this  report  was  perforraod  by  the 
Frankford  Arsenal,  U.S.  Array  Munitions  Command,  Philadelphia,  P^nna., 
for  the  Air  Force  Flight  Dynamics  Laboratory  (AFFDL) .  The  task  was 
accomplished  under  Project  1362,  "Crew  Escape  for  Flight  Vehicles," 
and  task  136205,  "Propellant  Actuated  Devices  Research."  The  program 
was  funded  by  HIPRs  nuirfjers  33(616)60-17,  33(616)61-12,  and  33(657)-2- 
R&D-lll.  Captain  D.  S.  Barron  was  the  AFFDL(FDFR)  Project  Engineer; 

Mr.  Martin  Visnov  was  the  Frankford  Arsenal  Project  Engineer.  The  work 
was  performed  during  the  period  December  1959  to  October  1962.  This  is 
Part  II  of  three  parts. 

This  report  was  submitted  by  the  author  7  April  1965 . 

This  technical  report  has  been  reviewed  and  is  approved. 


GiORGS  A.  SOLT.  JR. 

Chief,  Recovery  &  Crew  Sfafion  Branch 
Vehsds  Equtpmanf  Division 
AF  Sljhf  Dynamics  Labcratcry 


'-i.  anti  bast  n-fir  '  :-.at  csr,  .'  in  prop*?' S'snf  ac- 

t  toU  i!  ;.t*v  ice  (ia.L)  cart  r  i.tt>{i  wt  ?•<  <!t:h  ire; ;  ir  high  ter;'  >aturc 
candiciona  -hort  -if  autofgniiit.r.  rh-.  i r  tiirrmal  JrCeri  .  la-o  wag 
nx'a.tureJ  by  drtav  in  pcah  prt  sns.-rs  in  firings  in  Lhr  Mi  %',■!  car- 
.iidgv/MJ  jnti  ist-r  '.ystem  and  by  er.timat.inn  of  vteight  j  ~ 

.  a  niiT  tget'  cojitenL  of  nitroccl  Irloso ,  gas  ovoiucicn,  ar.ti  grain 
1-' ’ormai  ion.  The  prnpailants  drtTaded  rapidly  at  225“  an-*  ? 

and  would  not  survive  2/5“  F  expr.o.,rv  to  permit  eva tuat ion."" 

^  Ihe  ballistic  feasibility  rf  substirut Lng  composite  propellants 
-0£  n.  trate  esters  in  PAD  cartridge-  war.  demonstrated  in  the  M?3 
cartridge.  This  required  hand-r-.lcrlug  of  grain.r,  bec.-:u6e  composite 
propeiiant.s  in  gun-type  geometries  were  not  available  f  rom  tna  fot'  cum- 
poslte  pr.opellanr  sources. 

^  Composite  propellants  empl-'ving  ararsoniunf  perchlorate  oxid^aer 
pertor  d  sacistoctorily  in  the  M73  t artridgc/H".  inielalor  syateai 
at  -feo  F,  but  were  marglnei  after  tw  hours’  exposure  at  400“  F, 

It  is  recommended  chat  efforts  be  contiiued  for  the  development 
of  cimposite  propellants  employing  potaj-tium  perchlorate  oxidizer  to 
wli:h^itQnd  -65  to  +400''  F  aoak  CewperatatPs  * 
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INTRPD'JC'riON 


This  is  the  second  report  on  the  progress  of  the  program  for  de¬ 
velopment  of  propellants  for  propellant  actuated  devices  (PAD)  to 
withstand  temperatures  up  to  400"  F.  A  previous  report^*  contained  a 
literature  survey  rnd  described  the  screening  of  o  wide  variety  of 
nitrate  ester  and  composite  propellaris  by  means  of  auCoignltion  tests. 
Composite  propellants,  as  a  class,  showed  higher  autoignition  tempera¬ 
tures  than  single  or  double  base  propellants. 

Although  the  autoignition  tests  furnished  a  '•easonable  idea  of 
the  absolute  limit  of  propellant  life  under  various  tlnie-terope”ature 
conditions,  they  did  not  measure  the  extent  of  propellant  deterioration 
under  heat  conditions  short  of  autoignition,  which  results  in  substand¬ 
ard  functioning.  Tlil.s  information  did  not  exist  for  the  nitrate  ester 
propellants  used  in  PAD. 

A  second  area  to  be  explored  was  the  composite  propellant,  now 
shown  to  be  more  resistant  tr,  heat  than  the  nitrate  esters.  While  com¬ 
posite  propellants  were  conamjn  l.i  rockets  and  gas  generators,  their  ap¬ 
plication  CO  small  cartridge  ac:u.aLed  devlc»<3  Wd»  vir.'ually  unknowji. 

The  ballistic  feasibility  of  subati'  .Ling  co.T,poslt<'a  for  gun-type 
single  and  double  base  propellants  in  PAD  had  yet  t  •»  be  ahcvisi. 


TECK.«1CAL  APPROACH 


Study  of  the  effect  of  high  teii!,oeraturc*  expo.surefi  on  the  aitrnte 
ester  propellants  in  PAD  way  conducted  by  botli  laboratory  examination 
of  degraded  propellant  and  bailiptii;  firings  of  H?3  PAD  cirtridgee  in 
the  M3  Initiator  ballistic  tost  system.  lxjh:'ratory  studie'j  included 
estimation  of  weight  loss,  change  in  nitrogen  content  of  nitrocellu¬ 
lose,  gas  evolution,  and  phy.eical  examination  of  heated  grains  for 
change  in  geometry  and  other  effects.  Propellant  dccoiapositlon  gases 
were  analyzed  by  mass  .spectroisetcr , 

In  addition  to  ballistic  studies  of  heated  nitrate  ester  propel¬ 
lants,  the  M73  PAD  cartridge/M3  initiator  system  was  chosen  as  the 
vehicle  for  attempts  to  subgci-ute  composite  propellants  for  nitrate 
esters.  The  reasons  for  this  were  several;  First  -  it  was  the  mjist 
widely  used  PAD  cartridge  and  was  representative  of  a  class  of  gmall 
propellant  actuated  devices.  Second  -  the  M73  cartridge  uses  lees 
than  three  grains  of  propellant.  This  made  available  a  simple  PAD  bal¬ 
listic  system  small  enough  tc  conduct  numerous  test  firings  ot  new 
propellant  compositions  that  were  obtainable  only  in  csperimsntsl 


*See  REFERENCES. 
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quantities.  Third  -  Che  small  size  of  the  M73  cartridge  f>roviJed  a 
minimum  hazard  in  heating  experimental  formulae  ions .  Fourth  -  Che 
same  cartridge  waa  adapted  for  the  other  therroa'.  stability  work  and 
thus  enabled  closer  correlation  between  the  stebjlity  and  performance 
tests . 


EXPERIMENTAL  PROCEDURE 

Effects  of  Severe  Meat  on  Nitrate  Ester  Propellants 


In  this  study,  at  least  two  sets  of  M73  cartridges  utre  heated 
sinsultaneously  under  gradually  more  severe  time -tempera cure  condi¬ 
tions.  One  set  of  cartridges  contained  propellant  only,  and  was 
set  aside  for  degradation  studies  iu  the  laboratory.  The  second 
set  of  cartridges  consisted  of  the  propellant  charge  (approximately 
2.8  grams)  and  one  gram  of  the  standard  A4  black  povder  igniter. 

With  the  excepti'‘n  of  certain  series  of  cartridges  where  data  on  the 
effects  of  heat  on  the  percussion  primer  were  desired,  the  cartridges 
were  primed  after  heat  exposure.  The  primed  cartridges  were  then 
fired  in  the  M3  initiator,  using  the  specification  test  fixture  of 
13  feet  of  M28741-4  high  pressure  aircraft  hose  terminating  in  a 
one  cubic  inch  volume  chamber. 

The  heated  cartridges  containing  propellant  only  were  first 
ruptured  in  a  sealed  system,  and  gas  content  was  analyzed  by  mass 
spectrometer.  The  propellant  grains  were  examined  for  significant 
grain  deformation  or  other  change,  and  weight  loss  was  determined. 
Samples  of  the  propellant  were  then  subjected  to  further  analysis, 
as  desired. 

In  the  previous  report,^  it  was  shown  that  the  nitrate  ester 
propellants  in  sealed  FAD  cartridges  would  autoignite  in  a  matter 
of  minutes  at  constant  temperatures  above  300®  F,  As  expected, 
iriductlon  periods  were  longer  at  lower  constant  temperatures,  un¬ 
til  tests  were  terminated  at  12  hours  st  the  225®  ?  level.  Con¬ 
sequently,  for  this  phase,  work  was  conducted  beginning  with  ex¬ 
posures  of  the  nitrate  ester  propellants  at  223®  F  ana  raised  by 
25®  intervals. 

Two  double  base  propellants  and  one  single  base  propellant 
were  chosen  as  typical  nitrate  este'.s  for  evaluation.  These  pro¬ 
pellants  were  standard  charges  for  the  M73  cartridge  at  various 
times.  They  were;  Lot  RAD  7944  -  M5,  double  base  (approximately 
15  percent  nltvoglyceriu) ;  Lot  RAD  5280  -  M2,  double  base  (approx¬ 
imately  20  percent  nitroglycerin);  and  Lot  PAE  4228  -  MIO,  single 
base. 
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FeeSibilifcy  of  i..oniposice  Propellants  in  PAD  Cartridges 


The  experiments  for  this  phase  consisted  of  firing  composite  pro¬ 
pellants.  f/hich  had  shovm  heat  resistance  superior  to  nitrate  esters, 
in  the  M73  cartrtdge/M3  initiator  system  in  an  effort  to  match  the  bal¬ 
listics  of  the  nitrate  ester.  The  main  problem  was  one  of  sizing  the 
composites  into  very  small  grains.  As  indicated  before,  composite  pro¬ 
pellants  were  oriented  toward  relatively  large  grains  for  rocket  motors 
and  gas  generators.  Most  of  them  were  castable  compositions  which  are 
poured  as  a  slurry  into  the  motor  casing  and  cured  in-place  to  a  rubbery 
solid.  A  few  were  extrudable,  but  were  obtainable  only  as  very  small 
diameter  solid  rods. 

Of  the  composites  evaluated  here  ballistic  feasibility  in  PAD, 
samples  of  AH  583AF,  ANT  623,  and  Arcite  377  propellants*  were  received 
as  large.  Irregular  blocks,  weighing  up  Co  several  pounds  each  and  ap¬ 
parently  cut  from  motor  grains.  These  reqitlred  cutting  and  machining  to 
cylindrical  rods  of  0.2  inch  diameter.  Severa’  extrudable  compositions 
were  obtained  as  a  result  of  an  extensive  survey  of  composite  propellant 
sources.  ANR  2753BI  was  obtained  in  3/8  inch  dijsmeter  rods,  GCR  400, 
OCR  310,  GCR  700,  and  GCR  701  propellants*  were  obtained  in  solid  rod 
extrusions  of  0,1,  0.2,  and  O.S  inch  diameters.  One  propellant,  Arcite 
406,*  was  actually  cast  into  small  rods  of  0.1,  0.2,  and  0.5  inch  di¬ 
ameters.  These  small  diameter,  cast  rods  were  later  found  to  be  porous. 

Several  geometries  of  small  grain  cen^osite  propellants  were  fired. 
For  perforated  grains,  longitudinal  holes  i«re  simply  drilled  in  the 
machined  cylindrical  rods  (Figure  1).  In  later  firings,  the  rods  vete 
sliced  into  discs. 

Hog.  33552 


Figure  1 .  Machined  Small  Grain  Composite  Propellant 
*For  compositions  of  these  propellants,  see  Reference  1. 


A  piopeliant  siicer  (Figure  2)  ’-’as  devised  in  order  to  cut  discs 
of  reproducible  thickness o  In  operation,  the  rod  of  propellant  was  in¬ 
serted  into  the  Hollow  bolt  snd  forced  against  the  backstop  by  a  spring 
loaded  piston.  Cuts  were  made  by  an  ordinary  razor  blade  held  in  a 
fixed  plane  by  a  bracket.  Discs  of  various  reproducible  thicknesses 
could  be  cut  by  adjusting  the  position  of  the  bracket. 


Keg.  34259 


RESULTS 


Exposure  of  Nitrate  Ester  Propellants  to  High  Temperature 


Ballistic  Perfonaances  in  My2  Cartridges 
M5  Double  Base  P  ropellant 

Unprined  M73  cartridges,  loaded  with  MS  propellant  (Lot 
RAD  7944)  and  A4  black  powder  igniter,  were  conditioned  at  225®,  250®, 
and  275“  F  for  gradually  increasing  time  periods  at  each  temperature. 

The  cartridges  were  removed  at  each  time  interval,  primed  with  72M 
styphnate  primers,  and  fired  in  the  H3  initiator  ballistic  test  system, 
Coiq>ari8on  was  made  with  unheated  control  cartridges.  Individual  round 
data  are  shown  in  Appendix  1. 

In  the  exposures  at  *25“  F,  the  first  evidence  of  a  low- 
ering  in  peak  pressure  appeared  at  48  hours.  Peak  pressures  continued 
to  drop  as  exposure  time  increased  beyond  48  hours.  When  the  cartridges 
were  removed  from  the  oven,  it  was  noted  that  some  of  the  43-hour  ex¬ 
posed  cartridges  were  slightly  swelled  at  the  shoulder  and  base.  The 
swelling  of  some  cartridges  was  more  pronounced  in  the  72-hour  and  long¬ 
er  exposures  (Figure  3).  In  some  instances,  case  distortion  was  severe 
enough  to  require  pressing  the  cartridges  by  machine  into  the  cartridge 
retainer  basket  in  order  Co  permit  assembly  of  the  initiators  for  fir¬ 
ing.  The  swelling  of  the  cases  was  attributed  to  internal  pressure  ex¬ 
erted  by  propellsnc  decomposition  gases  under  heat. 

Neg  36.231.S2343/ORD.61 


Dnexposed 


72  Hours  at  225“  F 


Figure  3.  M73  Cartridges  (%rt.tb  M5  Propellant),  showing 
Swelling  after  72  hours'  &posure  at  225“  F 
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In  the  exposures  at  250®  F,  one  cartridge  showed  a  low 
peak  pressure  at  eight  hours,  and  a  general  lowering  of  peak  pressures 
was  noted  beginning  with  ten  hours.  The  reason  for  the  uptrend  in 
pressures  at  14  hours  la  not  known,  although  erratic  behavior  In  ex¬ 
posures  at  250®  F  .for  14  hours  and  longer  was  noted  during  the  experl- 
irents.  Previous  satoigoition  data  had  suggested  that  exposures  of  M5 
propellant  in  sealed  PAD  cartridges  ior  periods  longer  than  12  ^ipurs 
at.  250*  F  would  be  starginsl.  Consequently,  the  nui^er  of  cartridges 
waj  doubled  to  ten  In  order  to  define  this  area  ssore  closely. 

It  is  seen  from  the  firing  data  for  14  hours  that  one 
peak  pressure  was  low.  Although  net  shown  in  Appendix  I,  siadlar  er¬ 
ratic  peak  pressures  were  obtained  for  the  250“  F/i6  hour  exposure. 
When  atteapt^  were  tnado  to  rerun  the  250'  F/16  hour  exposure,  four 
cartridges  autoignlted  in  the  oven.  In  each  attempt  to  lengthen  the 
exp'./sure  to  18  and  20  hours  at  250*  F,  several  cartridges  ignited 
during  the  heating  period. 

All  attea^ts  at  273“  F  expoaure  for  one-  or  two-hour 
periods  resulted  in  a  nu^er  of  exploded  cartridges.  This  agrees 
with  previoucly  reported  autoignition  data  for  K5  propellant  at  this 
teepetatute . 

Ko  further  atteopta  were  made  to  increase  the  severity 
of  exposure  for  the  M5  propel lent /M73  cartridge. 
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A  large  number  of  M73  cartridges  were  loaded  with  M2 
propellant  (Lot  SAD  5280),  black  powder  igniter,  and  72H  atyphnate 
prisers,  and  conditioned  at  225*  and  250°  F.  Vitbdrafwls  of  225*  F 
conditioned  cartridges  were  aade  at  Z4-hour  Intervals.  Between  the 
72-bour  and  OS-hour  withdrawals,  17  cartridges  ignited  in  the  oven. 
The  withdrawn  cartridges  were  also  swelled.  All  cartridges  which 
had  survived  beat  e^^^aure  were  fired  in  the  M73  initiator  ballistic 
test  system.  A  mailer  of  primer  slsfires  were  encountered.  Indi¬ 
vidual  round  firi^dsta  are  shown  in  Appendix  II.  The  first  lower- 
ins  of  peak  pressure  is  noticeahle  beginning  with  72  hours. 

Due  to  the  nusdier  of  exploded  cartridge  - ,  there  were 
not  enough  remaining  to  continue  beyond  120  hours.  The  225*  F  ex¬ 
posures  were  repeated,  using  more  cartridges.  During  the  second  run, 
cartridge  autoignitions  occurred  at  the  :a<B8e  intervals  (72  to  120 
"''rs)  as  in  the  first  run.  Expoaure  was  terminated  at  144  hours. 
Ino..vldual  round  data  for  the  cartridges  surviving  the  repeat  run 
are  also  <>hown  in  Appendix  II.  Misfires  were  encountered  again. 

The  drop  in  peak  pressure  le^l  with  increased  exposure  time  paral¬ 
leled  the  first  series.  The  trend  continued  at  144  hours. 
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Withdrawals  of  cartridges  conditioned  at  250®  F  were 
made  at  two-hour  Intervals.  The  test  could  not  be  carried  out  beyond 
eight  hours  due  to  cartridge  explosions  between  the  eight-  and  ten- 
hour  intervals.  Firing  data  for  the  exposed  cartridges  are  shown  in 
Appendix  li.  Peak  pressures  remained  at  the  same  level  for  all  ex¬ 
posures  . 

No  attempt  was  made  at  275®  F  exposures  of  the  M2  pro- 
pellant/M73  cartridge  because  previous  autolgnltlon  data,  verifltJ  by 
MS  propellant  experience,  Indicated  less  than  one-hour  survival. 


MIO  Single  Base  Propellant 

Ballistic  evaluation  was  conducted  of  225*  P  exposed 
MIO  single  base  propellant  (Lot  PAE  4228}  in  H73  cartridges.  The 
cartridges  were  loaded  with  propellant  and  black  powder  Igniter,  and 
primed  with  the  72M  styphnate  primer.  Exposures  continued  up  to  216 
hours.  ■  ■  ,  ■  ■ 

At  the  120-hour  withdrawal,  a  slight  swelling  was 
noied  at  the  base  of  a  number  of  cartridges.  Beginning  with  144  hours, 
virtually  all  the  cartridges  shotted  Increased  swelling.  Firing  data 
ar^  shown  in  Appendix  ill. 

The  peak  pressure  level  for  this  charge  is  slightly 
lower  than  that  of  MS  or  H2  double  base  charges  for  this  same  car¬ 
tridge.  In  Appendix  III,  the  first  peak  pressure  drop  of  MIO  single 
base  propellant  appears  at  96  hours.  As  peak  pressured  dropped,  there 
was  a  simultaneous  Increase  in  rise  time  (defined  as  the  tixse  interval, 
in  milliseconds,  from  initial  rise  in  pressure  to  maxiaun  pressure)  as 
recorded  on  the  oscillograph  trace. 

Although  the  data  for  MIO  single  base  propellant  at 
high  tetsperature  show  slightly  increased  life  over  that  for  the  double 
base  propellants,  it  was  not  considered  sufficient  to  warrant  further 
firings  of  MIO  propellant  exposed  to  250*  F  or  higher. 


Laboratory  Study  of  Propellants 

Propellant  Weight  Lcow  in  Sealed  Cartridtes 

Sealed  cartridges  of  nitrate  ester  propallants  were 
heated  simultaneously  with  those  for  the  ballistic  evaluation  described 
above.  Cooled  cartridges  were  first  tapped  for  gas  content;  then  opened 
and  propellant  weight  loss  determined.  Weight  loss  data  at  225*  F  are 
shown  in  Appendix  XV .and  Figure  4,  beginning  with  the  24-bour  exposures 
and  encoa^asslng  the  time  period  of  lowering  in  ballistic  properties. 
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225®  F,  Nitrate  Ester  Propellants 


Lower  rate  of  weight  loss  for  MIC  single  base  propellant,  compared  to 
the  double  base,  is  obvious.  At  the  longer  exposures,  the  gross  effects 
of  heat  were  clearly  evident,  even  on  visual  examination  (Figure  5). 

Also  noted  in  a  number  of  the  longer  exposures  was  a  brown,  sticky 
residue  which  coated  the  interior  of  the  cartridge  cases. 

Due  to  the  rapid  rate  of  deterioration  at  250“  and  275“ 

F,  as  shown  by  previous  autoignition  data  and  cartridge  explosions  in 
the  oven,  weight  loss  at  these  temperatures  was  not  determined. 


Kltrogen  Content  of  Mltroeellulose 

As  a  measure  of  the  loss  in  energy  of  the  nitrate  ester 
propellants,  atten^ts  were  made  to  determine  the  nitrogen  content  of 
propellant  nitrocellulose  in  225°  F  heated  double  base  propellant  (M5) 
and  single  base  propellant  (MIO) .  The  method  employed  was  analysis 
by  duPont  Nitrometer.  Typical  data  obtained  are  shown  in  Appendix  V. 

Although  a  gradurl  drop  in  nitrogen  content  with  in¬ 
creased  exposure  tic£  is  indicated,  the  validity  of  the  quantitative 
results  is  questionable  when  the  amount:  of  recoverable  nitrocellulose 
for  MS  propellant  (shown  in  Appendix  V)  sre  taken  into  account.  The 
explanation  follows. 

The  procedure  for  determining  nitrogen  in  propellant 
nitrocellulose  requires  the  separation  of  the  other  propellant  In¬ 
gredients  from  the  nitrocellulose  by  extraction  with  methylene  chloride. 
When  the  propellant  is  degraded  by  heat,  the  nitrocellulose  loses 
nitrogen  -  via  split  off  of  NO2  groups  -  in  random  fashion.  When  the 
heated  M5  propellant  was  analyzed,  it  was  found  that  the  more  severely 
degraded  nitrocellulose  and  its  products  remsined  dissolved  in  the 
extraction  solvent,  leaving  the  di8p:.oportlonately  high  nitrogen  frac¬ 
tion  for  determination  of  nitrogen. 

A  revised  extraction  procedure  resulted  in  improved 
recovery  and  a  more  representative  saiiq>le  of  nitrocellulose  from  the 
heated  propellant.  However,  as  is  seen  in  Appendix  V,  even  with  an 
li^roved  procedure,  the  amount  of  recoverable  nitrocellulose  decreased 
as  length  of  heat  exposure  increased.  Part  of  this  drop  in  recoverable 
nitrocellulose  may  also  be  attributed  to  the  disappearance  of  the  cel- 
lulosic  structure  Itself  via  cleavage  into  aldehydes,  CO2,  H2O,  and 
other  decooqioeltion  products. 


Gas  Content  of  Heated  Cartridges 

Prior  to  examination  of  the  propellant,  the  sealed  M73 
cartridges  which  had  been  heated  were  tapped  for  gas  content  analysis. 
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igure  5.  Tbera&lly  Degraded  H2  Pro(>eXlaiit  frois 
Sealed  PAD  Cartridges 


A  >  UoexpoGed 
B  *  120  hours  at  225°  F 
C  -  144  hours  at  225*  F 
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fr.e  cartridges  were  placed  in  a  closed  system  which  included  a  gas 
sampling  bulb.  The  system  was  evacuated  to  20  microns  (Hg)  and  the 
cartridge  was  ruptured  by  means  of  a  sharp  pin.  The  cartridge  atmos¬ 
pheres  were  analyzed  on  a  Consolidated  Electrodynamics  model  21-103 
mass  spectiometer . 

Note  should  be  jaade  of  how  the  mass  spectrometer  data 
were  handled.  Ordinarily,  quantitative  mass  spectrometer  analyses  of 
gas  mixtures  are  based  on  partial  pressures  of  the  indiv'idual  gases. 

Th^*  mole  percent  estimate  is  usually  obtained  by  "normalizing"  the 
total  of  partial  pressures  to  100  percent.  However,  in  this  program, 
the  cole  percent  for  each  component  gas  was  obtained  by  dividing  each 
partial  pressure  by  the  pressure  of  the  total  decomposition  gas  mix¬ 
ture  as  actually  measured  by  the  micromanorocter  of  the  mass  spectrom¬ 
eter  inlet  system.  This  method  may  not  total  exactly  ICO  percent, 
but  it  will  indicate  whether  all  gases  present  have  been  identified. 

Analyses  of  cartridge  atmospheres  from  the  heated 
nitrate  erter  propellants  are  shown  in  Appendices  VI,  VJi,  and  VIll. 
Since  the  cartridges  were  loaded  under  ambient  conditions,  mass  spec¬ 
trometer  analysis  of  a  typical  dry  air  sample  is  shown  for  comparison. 
Also  shown  is  the  atmosphere  analysis  of  duplicate  unheaced  control 
cartridges  with  115  propellant  (Appendix  VI)  . 

The  absence  of  oxides  of  nitrogen  or  sizable  quantities 
of  oxides  of  ctsioon  show  the  original  condition  of  the  propellant  to 
be  satisfactory.  (All  nitrate  ester  propellants  passed  : he  methyl 
violet  heac  stability  test  prior  to  high  temperature  exposures.)  It 
is  seen  that  the  atnnsphere  inside  the  unheated  cartridges  was  essen¬ 
tially  air  plus  small  amounts  of  volatiles  from  tne  propellant. 

The  degradation  of  the  propellants  due  to  heat  is 
evident  from  Appendices  VI  through  VIII,  Apparently,  the  oxygen  in¬ 
side  the  sealed  cartridge  is  consumed  very  early  in  the  decomposition 
process,  as  evidenced  by  its  virtual  disappearance  before  24  hours  at 
225”  F  or  two  hours  at  250”  F,  The  oxygen  loss  is  accompanied  by  an 
Immediate  rise  in  carbon  oxides  and  the  appearance  of  nitrous  and 
nitric  oxides,  Indiceting  breakdown  of  the  propellant,  hot  shown  in 
the  Tables  were  peaks  in  the  spectra,  indicating  -CHO  grouping,  veri¬ 
fying  results  cf  investigators  who  have  reported  aldehydes  as  one  of 
the  products  of  thrzmal  decomposition  of  nitrocellulose. 

\  The  anxjunts  of  gas  shown  in  the  Tables  (calculated  from 

»  saddle  bulb  pressures  measured  at  the  inlet  system  of  the  nass  spec¬ 

trometer)  are  inconsistent  with  heating  time.  It  is  believe.-'  that  this 
is  due  partly  to  losses  through  cartridge  0-ring  seals  deteriorated  by 
heat.  Even  with  the  randomness  of  measured  gas  volumes,  it  Is  seen 
that  the  MIO  single  base  propellant  evolved  gas  at  a  slower  rate  than 
did  the  double  base  propellants  at  225®  F. 
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Ballistic  Feasibility  of  Con^osite  Propellents 
in  PAD  Cartridges 


Single  Perforated  Cylindrical  Grain  Geometry 

The  first  tes-  firtvigs  of  consposite  propellents  were  con¬ 
ducted  in  the  M38  cartridge  (an  earlier  version  of  the  M73  cartridge' 
with  identical  propellant  capacity).  AH  583AF  anc  Arcite  377  coia- 
pcsites  were  fired.  The  properties  of  both  propellants,  although  not 
exact  duplications  of  the  M5  double  base  charge,  were  sufficient  to 
warrant  testing. 

Both  propellants  had  a  calcul.i>ted  value  of  approxisatsly 
0.04  sole  of  gas  per  gram,  and  a  calculated  is^etus  in  excess  ' 
300,000  ft-lb  per  lb.  Liv^aar  burning  ratsa  at  5000  pti  -  the  chaeber 
pressure  of  tb-i  H3  initiator  in  which  the  cartridges  were  fired  - 
were  not  known,  although  estlcated  Co  be  slower  than  the  H5  double 
base.  StKll  cylindrical  grains,  0.20  inch  in  diameter,  were  machined 
from  bulk  sauries  of  the  propellants.  Three  different  size  perfora¬ 
tions  were  bored  in  the  grains,  resulting  in  three  web  thicknesses, 
the  thinnest  of  which  (0.053  inch)  did  not  match  the  0.039  inch  web 
of  the  seven-perforated  H5  grain*  Thinner  webs  could  not  be  made 
without  crumbling  the  wall  of  the  grain.  The  M38  cartridges  were 
loaded  with  ei^t  grains  of  the  propellant  and  one  gram  of  A4  black 
powder,  and  primed  with  72M  atyphnate  primers. 

The  cartridges  were  fired  in  M3  Initiators,  at  aeblent  tem¬ 
peratures,  using  the  specification  test  fixture  of  13  feet  of  hose 
and  a  one  cubic  inch  test  chamber «  A  standard  M38  cartrid^,  loaded 
with  M5  propellant,  was  fired  for  con^arison.  The  following  (Table  t) 
are  the  data  obtained. 


TABLE  I 

Ballietic  Data,  Cylindrical  Single  Perforated  Propellant  Crains 

in  M38  Cartridge 


Charge 

Web 

Propellant 

.IssL. 

M5  (standard) 

2.80 

0.039 

Arcite  377 

2.40 

0.053 

2.73 

0.068 

2.92 

0.083 

AH  S83AI‘ 

2.40 

0.053 

2.71 

0.068 

2.95 

0.083 

^Faulty  data;  range  manfunction 


Peak 

Time  (ms) 

Pressure 

Ignition 

(Psi) 

Delay 

Use 

1200 

13 

27 

a 

a 

« 

592 

13 

97 

586 

20 

130 

608 

15 

75 

533 

15 

120 

600 

15 

145 
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Peak  pressures  of  the  coreposite  propellants  were  lower  than 
the  double  base  standard.  The  other  data  indicated  acrmal  propellant 
behavior  in  that  ignition  was  satisfactory  and  time  to  peak  pressure 
was  dependent  on  web  thickness.  Also,  e'/en  if  it  could  be  made,  a 
burning  web  in  th--  single  perforated  geometry  of  the  composites  com¬ 
parable  in  thinness  to  the  seven-perforated  M5  propellant  would  limit 
the  propellant  weight.  A  propellant  geometry  that  provided  increased 
surface  area  was  required.  Lastly,  to  attain  peak  pressures  within 
shorter  ris~  tiiues,  composite  propellants  with  faster  burning  rates 
were  necessary. 


Disc  Grain  f»eometry 

In  view  of  the  results  of  firings  of  composite  propellants 
in  the  single  perforated  cylindrical  geometry,  an  effort  was  made  to 
increase  peak  pressure  by  increasing  initial  burning  surface  area. 
Since  «f-:hining  thinner  web  cylinders  was  impractical,  it  was  decided 
to  employ  discs  sliced  from  solid  tods  of  propellant. 

In  this  geometry,  disc  thickness  became  the  web.  Discs 
0.125  in.,  d.CSO  in.  and  0.040  in.  thick  are  shown  in  Figure  2  (A,  B, 
and  C,  respectively) .  These  webs  were  employed  in  the  initial  test 
firings  of  AN  583AF  composite  propellants  in  this  geometry.  The  pro¬ 
pellants  were  fired  in  the  same  system  as  the  cylindrical  grains. 

H5  double  base  was  fired  for  comparison.  Data  are  shown  in  Table  2. 

TABLE  ?. 

Ballistic  Data,  K38  Cartridge  with  Propellant 
of  Varied  Disc  Thickness 


Propellant 

Charge 

(»n) 

Web 

(in.) 

Peak 

Pressure 

(psi)._ 

Ignition 
Delay 
(ms)  . 

H5  (standard) 

2.80 

0.039 

930 

17 

2.80 

0.039 

r) 

1? 

2.80 

0.039 

1020 

18 

AN  583AF  (disc) 

2.40 

0.040 

620 

16 

2.40 

0.060 

500 

19 

2.34 

0.125 

290 

30 

Peak  pressures  of  the  composites  were  lower  than  those  of 
the  double  base,  but  the  dependence  of  peak  pressure  on  burning  web 
thickness  of  the  discs  was  demonstrated.  Lower  peak  pressures  were 
again  attributed  to  a  combination  of  slow  burning  rate  and  reduced 
charge  weight  of  the  AN  583AF  propellant. 
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The  second  series  of  firings  of  disc  geoiriv'tries  was  conducted 
with  four  composite  propellants  different  from  those  previoisly  fired. 
These  were  obtained  in  specified  formulations  of  faster  burning  rate. 
Three  of  the  propellants  (GCR  400,  GCR  700,  and  ANR  2753hl)  were  experi¬ 
mental  formulations,  extrudable  in  small  diameter  rods  (Figure  6.)  The 
fourth  (ANI  623)  was  a  castable  composition  which  required  machining  to 
rod  form.  Discs  of  propellant  0.040  inch  thick  were  cut  from  rods  0.1 
and  0.2  inch  diameter,  and  the  firings  in  M38  cartridges  were  repeated. 
Again,  M5  double  base  was  fired  for  con^arison.  Data  obtained  are 
shown  in  Table  3. 

Beg  36.231.S2350/OSD.61 


Figure  6.  Solid  Rod  Sxtrueions,  Composite  Propellant 


It  can  be  seen  that  the  performance  of  the  double  base  propel¬ 
lant  in  the  M38  cartridge/M3  initiator  system  was  met  by  the  composite 
propellants  tested  in  the  disc  geometry  configuration. 

Acnther  series  of  firings  was  held  to  determine  the  repro¬ 
ducibility  of  the  previous  performance.  This  series  included  both  re¬ 
peat  firings  of  the  previous  disc  composite  propellants  and  fitrings  with 
additional  propellants.  The  latter  included  Arcit%  406,  a  composite 
cast  into  small  rods  of  0.1  and  0.2  inch  diameter;  GCR  310  propellant, 
an  extrudable  coi^oslte  containing  litbiua  perchlorate  oxidizer;  and  GCR 
701,  an  extrudable  composite  containing  an  experimental  burning  rate 
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TABLE  3, 


_ 

a7«i 

liiatic  Data,  M38  Cartridge 

with  Prope 

of 

Charge 

Weight 

O.OiO  inch  Disc  Thickness 

Peak 

Web  O.D,  Pressure 

Time  « 
I  c,..  it  ion 

'as) 

Prooellant 

_l£si) 

Delay 

Rise 

M5  (standard) 

2,8 

0.039 

- 

880 

17 

21 

2,8 

0.039 

- 

930 

16 

20 

GCR  400® 

2.5 

0.040 

0.20 

1040 

14 

15 

2.5 

0.040 

0,20 

1020 

13 

19 

2.5 

0.040 

O.iO 

960 

15 

17 

2.5 

0.040 

0.10 

1010 

15 

20 

GCR  700® 

2.5 

0.040 

0.10 

1015 

13 

16 

2,5 

0.040 

0.10 

920 

10 

19 

AMT  623® 

2.5 

0.040 

0.10 

930 

13 

19 

2.5 

0.040 

0.10 

980 

11 

21 

AMR  2753B1* 

2.5 

0.04G 

0.20 

950 

13 

19 

2.5 

0.040 

0.20 

980 

13 

19 

2,5 

0.040 

0.10 

1030 

13 

19 

*Disc. 

2.5 

0.040 

0.10 

1050 

13 

16 

additive.  These  three  propellants  vc’  •'  sliced  into  0.040  inch  discs, 
similar  to  the  others.  B^jitining  vltu  nis  series,  firings  were  held 
in  the  M73  cartridge  (replaceisent  for  the  H38)  in  the  identical  M3 
initiator  ballistic  test  system.  Results  are  shown  in  Appendix  IX. 

The  original  propellants  (fired  in  the  previous  series) 
again  equalled  the  standard  N5  double  base  charge,  but  the  peak  pres¬ 
sures  for  Arcite406  were  erratic  and  for  GCR  310,  low.  Due  to  the 
varied  ballistics  obtained  with  Arcite  406  and  GGl  310,  these  propel¬ 
lants  were  refired  in  triplicate  for  each  disc  sizr .  Data  obtained 
are  shown  in  Table  4, 

Peak  pressures  werfr  hi^er  for  Arcite  40'>,  but  were  still 
low  for  GCR  310.  In  the  midst  of  these  firings,  other  examination  in 
the  laboratory  detected  tmdesirable  cbaracteristi--!R  in  these  two  pro¬ 
pellants.  Khen  exposed  to  ash lent  conditions,  GCP  310  propellant  was 
found  to  be  sc'<«what  hygroscopic,  resulting  in  oxidizer  crystal  growth 
on  the  surface  of  the  propellant.  As  a  result  of  this,  plus  substandard 
ballistics,  no  further  w^rk  was  done  with  GCR  310.  In  the  case  of  Ar¬ 
cite  406,  a  considerable  mudier  of  grains  were  found  to  he  porous.  This 
porosity  apparently  had  not  been  detected  by  the  '<00  percent  X-ray  in¬ 
spection  required  of  the  small  rod  castings.  Further  firings  of  this 


propellant  were  done  with  hand-culled  discs,  but  since  there  was  8 
possibility  of  undetected  porosity,  the  data  were  discarded.  (The 
manufacturer  of  this  propellant  later  developed  an  extrusion  process 
for  Arcite  propellants,  but  none  of  these  extruded  Arcites  were  ob¬ 
tainable  at  the  time  of  this  work.) 

TABLE  4. 

Ballistic  lata.  Repeat  Firings  of 
Arcite  406  and  GCR  310  Propellant  Discs  in  M38  Cartridge 


Charge 

Peak 

Rise 

fas) 

Weight 

Web 

O.D. 

Pressure 

Ignition 

Propellant 

(sjn) 

(in.) 

(in.) 

(psi) 

Delay 

Rise 

M5  (standard) 

2.85 

0.039 

1050 

14 

23 

2.85 

0.039 

- 

1250 

23 

25 

Arcite  406* 

2.5 

0.040 

0.10 

880 

15 

20 

2.5 

0.040 

0.10 

1000 

14 

18 

2.5 

0.040 

0.10 

1050 

16 

14 

2.5 

0.040 

0.20 

980 

14 

21 

2.5 

0.040 

0.20 

1030 

13 

16 

2.5 

0.040 

0.20 

1080 

15 

19 

GCR  310* 

2.5 

0.040 

0.10 

620 

23 

15 

2.5 

0.040 

O.IC 

760 

19 

20 

2.5 

0.040 

0.10 

850 

16 

20 

•Disc 


Graphite -coated  Disc  Geo«try 

SmII  nitrate  ester  propellant  grains  in  gtm  geoaetries  are 
usually  graphite-coated  to  pxoaote  free  flow  and  prevent  electrostatic 
charge  build-up  during  loading  operations.  The  increased  lubricity 
allows  greater  packing  density  in  cartridge  cases.  The  snail  coaposite 
propellant  disc  grains  were  being  evaluated  without  coating.  The 
freshly  cut  discs  showed  soate  resistance  to  flow  and  difficoltiaa  were 
encountered  in  loading  cases  with  the  desired  charge  weight  Quanti¬ 
ties  of  sBull  composite  grains  in  both  0.1  and  0.2  inch  diaswtars 
were  coated  with  graphite  to  approximately  0.5  percent  by  weight. 

Two  samples  are  shown  in  Figure  7.  Experimental  loadings  with  these 
grains  showed  that  up  to  ten  percent  Increased  packing  could  be  at¬ 
tained  in  the  M73  cartridge  over  that  with  uncoated  gralna. 

Test  firings  were  held  to  determine  if  ignition  delay, 
rise  time,  and  peak  pressures  would  differ  from  previously  fixed  un¬ 
coated  composites.  Charge  of  2.5  and  J7.7  grams  of  graphite-coated 
propellant  and  one  gram  of  black  powder  were  loaded  in  the  1173 
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N«g  36.231.S3062/OBD.59 


B»s«  Grain 


Grai^lted 


0.1  inch  O.J).  Cot^osite  Grains 


Bas*  Gsraln 


Oraidsitvd 


0,2  inch  0,1),  Cooposite  Grains 


Figure  7.  Graphite-coated  Cossposite  Propellant  Disc  Grains 


cartridge  case.  The  2.7-gram  charge  weight  was  previously  unattain¬ 
able.  Firings  were  done  in  the  M3  initiator  test  system.  Data  are 
shown  in  Appendix  X. 

Ignition  delay,  rise  tiice,  and  peak  pressures  were  not  ad¬ 
versely  affected  by  the  graphite  coating.  A  general  increase  in  peak 
pressure  with  the  added  0.2  gram  of  propellant  charge  can  be  seen  for 
each  composite  propellant.  In  Che  case  of  GCR  701,  this  resulted  in 
a  more  acceptable  peak  pressure  level,  and  the  2.7-gras  charge  for 
the  K73  cartridge  was  used  for  all  additional  %K>rk  with  this  propellant. 
For  the  remainder  of  the  composite  propellants,  2.5-graa  charges  were 
continued.  All  further  firings  employed  graphite-coat&d  grains. 


Firing  of  Composite  Propellants 
Exposed  from  -65®  to  +400®  F 


Since  it  had  been  demonstrated  that  coa^osita  propellants  cculd 
match  the  ballistics  obtained  with  nitrate  ester  propellants  in  the 
M73  cartridge,  an  evaluation  was  then  undertaken  of  the  coo^oslte  pro¬ 
pellants  ei^osed  to  low  and  high  temperatures.  ANR  2753BI,  GCR  400, 

GCR  700,  5®  701  propellants  were  fired  at  -65®  F  in  the  M73  car¬ 

tridge/MS  initiator  system.  Peak  pressure ,  ignition  delay,  and  rise 
times  (Appendls^  Jl)  showed  little  or  ho  difference  from  previous  am¬ 
bient  tet^E^ra^^  firings. 

High  teo^^ture  exposures  of  the  composite  propellants  in  the 
graphite-coated^  disc  geometry  were  conducted  at  400®  F,  in  accordance 
with  the  objectives  of  the  program. 

H73  cartrld^s,  loaded  with  Arcite  406  propellant,  were  closed 
at  400®  F  isr  two-  and  four-hour  durations,  in  lots  of  five,  thiring 
each  of  the  conditioning  periods,  at  least  one  or  two  of  the  cartridges 
exploded  in  the  oven.  Hhen  the  remaining  cartridges  were  fired  at 
aniiient  temperature,  peak  pressures  varied  from  the  90o  psi  level  for 
the  400®  F/2  hr  exposures  to  400  to  500  psi  for  the  400°  F/4  hr  exposures. 
As  a  result  of  these  data,  together  with  the  previously  described  grain 
porosity,  no  further  work  was  done  with  Arcite  406  propellant. 

M73  cartridges,  loaded  with  GCR  400,  GCR  700,  and  GCR  701  propel¬ 
lents  and  black  powder  igniter,  were  conditioned  at  400°  F  for  two- 
and  four-hour  periods  and  fired  at  and) lent  tetsperature .  Unheated  M5 
double  baee  charts  were  fired  for  coaparlson.  Firing  data  are  shown 
in  Appendix  XII.  Although  all  firings  were  within  close  ballistic 
lie  Its,  several  peek  pressures  had  dropped  to  the  800  to  900  psi  level, 
particularly  among  the  400®  F/4  hr  exposures. 
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When  400’’  F/4  hr  exposures  were  repeated,  one  GCR  400  and  one 
GCR  700  cartridge  ignited  in  the  oven  between  the  third  and  fourth 
hour  of  heating.  When  exposures  of  GCR  400,  GCR  700,  and  GCR  701 
propellants  were  extended  to  six  and  eight  hours  at  400°  F,  no  auto- 
ignitiou  occurred.  When  the  cartridges  were  fired,  peak  pressures 
were  generally  satisfactory,  but  a  few  rounds  dropped  to  the  600  to 
700  psi  level. 


DISCUSSION 

Exposure  of  Nitrate  Ester  Propellants  to  High  Teoperature 


In  the  previous  report  on  this  work,  autoignition  tests  had  shown 
clearly  that  propellants  based  on  the  -O-NO2  linkage  could  not  survive 
at  400°  F  without  autoignition.  The  experiments  in  this  report,  both 
ballistic  evaluation  and  laboratory  examination,  serve  to  point  out 
the  rapidity  of  deterioration  of  these  propellants,  even  at  ceiiq>era- 
tures  of  225°  and  250°  F.  It  is  significant  that  no  data  could  be  ob¬ 
tained  on  the  nitrate  ester  propellants  heated  in  sealed  P.U)  cartridges 
at  275°  F  because  of  the  rapidity  of  decomposition  and  autoignition 
during  the  heating  periods  of  one  or  two  hours. 

The  conclusion  (originally  based  on  autoignition  time  vs  tempera¬ 
ture  data  of  the  previous  report)  that  single  base  propellant  (MIO) 
had  slightly  longer  life  at  high  temperature  than  double  base  propel¬ 
lant  (M5  and  N2)  was  verified  by  data  obtained  here.  When  compared  in 
the  sane  ballistic  system,  peak  pressures  of  the  heated  single  base 
propellant  began  Co  decrease  after  longer  induction  periods  Chan  simi¬ 
larly  heated  double  base  propellants.  Also,  laboratory  measureaents 
showed  chat  the  single  base  propellant  lost  weight  and  evolved  gas  at 
a  slower  rate  than  the  double  base  propellants. 

It  should  be  noted  that  the  quantitative  results  of  the  weight 
loss,  nitrogen  content  of  nitrocellulose,  and  gas  evolution  measure¬ 
ments,  as  conducted  here,  would  be  expected  Co  differ  from  similarly 
conducted  experiments  where  propellant  was  heated  tdille  exposed  to 
the  atmosphere. 

The  data  collected  here  are  of  propellant  as  it  would  be  actually 
sealed  in  a  production  FAD  cartridge.  By  specification,  the  cartridge 
seal  is  required  to  withstand  14  psi  pressure  differential.  The  re¬ 
sult  is  Chat  the  propellant  is  more  or  less  "cooked  under  pressure" 
when  heated,  and  cooled  to  a!!i>ient  conditions  idien  examined.  The 
over-all  effect  is  faster  deterioration  since,  for  nitrate  ester  pro¬ 
pellants,  it  is  well  known  that  the  decomposition  rate  will  be  acceler¬ 
ated  if  the  products  of  decomposition  remain  in  contact  with  the 
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propellant  under  p-essure.  Individually,  the  weight  Ic-ss  data  are 
affected  in  that  products  which  are  volatile  at  heating  teoperature 
are  trapped  within  the  limits  of  the  seal  and  may  condense  when  the 
cartridge  is  cooled.  Tne  nitr'icellulose  nitrogen  and  evolved  gas 
data  are  affected  in  that  they  are  dependent  on  the  decomposition 
rate  and  subject  to  cb.ange  as  the  pressure  builds  up  within  the  car¬ 
tridge  with  heating  time. 


Ballistic  Feasibility  of  Composite  Propellants  m 
PAD  Cartridges 


Firings  of  the  composite  propellants  in  the  M73  cartridge/M3 
initiator  system  demonstrated  that,  with  the  proper  geometry,  the 
ballistics  obtained  witn  the  nitrate  esters  could  be  matched.  How¬ 
ever,  in  the  process  of  achieving  this  result,  several  gaps  in  pro¬ 
pellant  technology  were  made  evident.  Primarily,  in  the  search  for 
composite  propellants  for  this  application,  it  was  found  that  the 
technology  did  r.ot  exist  among  the  major  sources  of  composites  for 
extrusion  into  very  small  monoperforated  or  mult iperf orated  gun  type 
grains.  Contact  with  the  major  composite  propellant  producers  es¬ 
tablished  that  requirements  for  cemposite  propellants  in  such  small 
geometries  singly  did  not  exist  an^,  as  far  as  was  known,  this  was 
the  first  request. 

AltAough  the  ballistics  of  a  PAD  device  using  a  standard  double 
base  propellant  grain  were  meC  here  by  the  disc  geometi-y,  this  solu¬ 
tion  is  far  from  optimum  for  the  wide  range  of  PAD  devices.  The 
disc  geometry  is  too  limited  for  other  pressure-time  curves  which 
require  a  greater  degree  of  pregressivity  or,  for  that  matter,  any 
application  which  requires  smal'.  grains  in  other  than  solid  cylin¬ 
drical  form. 

Another  gap  which  appeared  was  the  lack  of  information  on  burn¬ 
ing  characteristics  of  composite  propellants  in  the  higher  pressure 
ranges  at  ;^ich  most  PAD  devices  operate.  Because  of  their  applica¬ 
tion,  laminar  burning  rate  data  for  nitrate  ester  gun  propellants 
are  available  up  to  the  high  pressures  developed  in  gjjin  ■•hanijers . 

By  comparison,  similar  data  for  composite  propellants  are  usually  de¬ 
veloped  only  up  to  2000  psi,  a  pressure  above  which  rocket  motors  are 
rarely  designed  to  operate.  Straight  line  extrapolation  of  coi^osite 
propellauc  burning  rata  data  to  higher  pressures  is  open  to  question. 
For  the  M73  cartridge/M3  initiator  system,  which  operates  at  approxi¬ 
mately  5000  psi  in  the  initiator  chanier,  this  lack  of  data  necessi¬ 
tated  8  trial-and-error  approach. 

Firings  of  the  corsposite  propellants  at  -65"  F  resulted  in  peak 
pressures  of  the  same  level  as  obtained  with  firings  at  atiiblent 
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temperature  (70®  F) ,  One  phenomenon  looked  for  was  possible  enfcrittle- 
ment  of  propellant  binders  at  low  temperature,  resulting  in  grain 
fracture  at  igniticn  and  unusually  high  pressures  as  a  result  of  the 
Increased  surface  area.  There  was  no  evidence  chat  this  occurred. 

Experience  with  the  cartridges  of  composite  propellants  exposed 
to  400®  F  indicates  that  Che  condition  of  these  particular  formulations 
is  marginal  after  two  hours  at  400°  F.  Evidence  of  this  is  in  the  pre¬ 
mature  ignitions  in  the  oven  between  three  and  fours  hours  at  400°  F 
and  Che  slight  lowering  In  peak  pressures  of  those  cartridges  which 
survived  four  hours  at  400®  F.  The  ignitions  in  the  oven  are  at  vari¬ 
ance  with  autoignition  data  previously  reported  fer  these  propellants.^ 
However,  the  marginal  thermal  stability  of  anaoniutn  perchlorate  in  the 
range  ^^^^OO®  F  has  been  reported  in  Reference  1  and  other  investiga¬ 
tions.  *  The  greater  thermal  stability  of  potassium  perchlorate  over 
ansoonium  perchlorate  in  similar  propellant  binders  was  also  shown. 

In  summary,  the  development  of  extrudable  coii^)osite  propellants 
ec^loying  potassium  perchlorate  oxidizer  was  Indicated  to  irset  the 
high  temperature  objective  of  the  program. 


COSCmSlONS 


1.  The  extent  of  nitrate  ester  propellant  deterioration  under  high 
temperature  conditions  short  of  aucoignition  was  measured  by  both  bal¬ 
listic  firings  in  a  standard  propellant  actuated  device  systes.  and  by 
exaadnatlon  in  the  laboratory.  These  propellants  degraded  rapidly  at 
Cen|>eraCur6s  of  225°  F  and  250°  F.  The  nitrate  ester  propellants  (single 
or  double  nase)  are  not  suitable  for  PAD  cartridges  for  40C°  F  resistance, 

2.  The  ballistic  feasibility  of  substituting  composite  propellants  for 
nitrate  esters  was  demonstrated  in  a  standard  propellant  actuated  device 
systv.-w,  the  M73  cartridge/*0  initiator.  This  required  hand -tailoring 

of  prapellant  grains  limited  to  a  sii^le  disc  geometry.  The  technolo®? 
for  extruding  small  gun  type  coamesite  propellant  grains  did  not  exist 
among  the  major  sources  of  csumpositA  propellants  because  of  no  previous 
requirement  for  such  an  Item. 

3.  The  disc  geometry  composite  propellants  employing  anoonium  perchlor¬ 
ate  oxidizer  performed  well  at  -65°  F,  but  were  marginal  after  two  hours* 
e3q)osure  at  400°  F. 


RECOMMENDATIONS 


As  a  result  of  these  studies,  it  is  recommended  that  efforts  be 
continued  for  the  development  of  composite  propellant  con^iositions 
capable  of  reliable  performance  after  withstanding  -65®  to  +400*  F 
soak  temperatures.  These  compositions  should  en^loy  potassium  per¬ 
chlorate  oxidizers.^  Also,  these  compositions  should  be  capable  of 
processing  by  commercially  feasible  methods  (i.c.,  extrusion)  into 
small  gun  type  grains,  including  both  monoperforated  and  multiper- 
forated  geometries  . 


APPENDIX  I 


BALLISTIC  DATA,  HIGH  TEMPERATURE -EXPOSED  M5  PROPELUttlT 
IN  M73  CARTRIDGE/M3  INITIATOR  SYSTEM 


Firing  temperature: 

70“  F  (ancient) 

Peak  Pressure 

Time  (ms) 

Exposure 

(psi) 

lenition  Delay 

■Rise 

Unheated  control 

1060 

16 

21 

225*  F/4  hr 

1060 

IS 

20 

960 

14 

20 

1070 

16 

23 

1070 

16 

23 

1000 

15 

23 

225“  F/6  hr 

1070 

16 

23 

103C 

18 

23 

970 

18 

23 

970 

18 

25 

1110 

16 

21 

Unheated  control 

1020 

11 

29 

225“  F/12  hr 

1080 

20 

29 

1050 

13 

30 

1050 

13 

17 

990 

13 

30 

950 

13 

29 

Unheated  ::ontrol 

980 

13 

30 

225“  F/16  hr 

990 

11 

29 

870 

11 

31 

950 

15 

25 

960 

14 

24 

950 

11 

29 

Unheated  control 

870 

15 

28 

225“  F/24  hr 

1070 

13 

25 

950 

10 

30 

930 

15 

25 

910 

13 

26 

S60 

9 

28 

25 


Peak  Pressure 

Time  (ms) 

Exposure 

(psi) 

Ignition  Delay 

Rise 

Unheated  control 

940 

13 

26 

225°  F/48  hr 

850 

14 

24 

880 

14 

21 

850 

14 

23 

860 

14 

24 

820 

14 

28 

Unheated  contr'-l 

1020 

13 

24 

225°  F/72  hr 

540 

20 

25 

640 

16 

24 

• 

680 

20 

28 

610 

13 

20 

680 

10 

24 

Unheated  control 

890 

16 

25 

225°  F/96  hr 

650 

20 

20 

680 

15 

24 

-'•20 

20 

25 

570 

18 

25 

a 

Unheated  control 

900 

18 

24 

225°  F/120  hr 

190 

38 

40 

670 

15 

20 

680 

13 

20 

420 

25 

25 

430 

25 

29 

Unheated  control 

970 

18 

15 

225°  F/144  hr 

260 

25 

20 

630 

14 

19 

590 

18 

19 

510 

15 

20 

530 

18 

18 

Unheated  control 

980 

20 

20 

®Ho  record;  ratxge  malfunction. 
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Exposure 


Peak  Pressure  _ Tine  (at) 


i£SiL, 

250^"  F 


Unheacod  control 

980 

250"  F/4  hr 

900 

1030 

1110 

1070 

940 

Uaheated  control 

1170 

250"  F/6  hr 

1180 

1270 

1140 

1010 

1060 

Unheated  control 

970 

250"  F/8  hr 

800^ 

900 

1000 

950 

930 

Unheated  control  1160 

250"  F/10  hr  780 

920 

840 

870 

990 

Unheated  control  1140 

250"  F/12  hr  760 

740 

700 

820 

790 


iKnition  Delay 

Rise. 

Exposures 

15 

23 

16 

20 

14 

21 

14 

19 

16 

21 

18 

21 

18 

20 

14 

21 

16 

20 

18 

21 

18 

23 

18 

20 

18 

15 

16 

20 

16 

25 

23 

ot 

14 

:o 

15 

TT 

13 

2o 

20 

23 

18 

24 

13 

29 

13 

18 

13 

19 

15 

20 

10 

20 

10 

13 

15 

20 

15 

18 

13 

19 

^See  text,  page  6: 


Exposure 
Unheated  control 
250”  F/14  hr^ 


Peak  Pressure 


-<Psi) 

Ignition  Delav 

IliS6 

1210 

13 

26 

810 

16 

30 

1130 

14 

21 

1130 

12 

19 

1070 

12 

29 

1080 

11 

21 

870 

12 

29 

920 

14 

29 

990 

11 

22 

1040 

14 

21 

1080 

12 

21 

'’See  text,  page  6. 


28 


APPENDIX  II 


BALLISTIC  DATA,  HIGH  TEMPERA'i’URE -EXPOSED  M2  PRut-ELLANT 
IN  M73  CARTRIDGE /M3  INITIATOR  SYSTEM 

Firing  temperature:  70°  F  (Aniient) 


Exposure 

Unheatrd  control 


225°  P/24  hr 


225°  F/48  hr 


225°  F/72  hr 


Peak  Pressure 

Time  (ms) 

(psi) 

lenicion  Delay 

Rise 

1070 

13 

20 

1110 

15 

21 

1210 

14 

17 

1140 

l4 

16 

1060 

14 

19 

1070 

13 

21 

1020 

15 

17 

1040 

15 

21 

1010 

13 

17 

890 

14 

20 

1020 

16 

16 

1040 

14 

17 

940 

16 

16 

980 

15 

20 

1100 

16 

19 

900 

14 

22 

1000 

14 

22 

840 

18 

27 

910 

15 

X7 

950 

15 

23 

^  a 

• 

- 

940 

15 

25 

1010 

16 

22 

940 

14 

15 

970 

14 

15 

840 

13 

23 

8D0 

14 

22 

740 

13 

25 

990 

11 

15 

920 

13 

14 

790 

15 

21 

_  a 

- 

- 

820 

15 

20 

710 

14 

20 

930 

16 

21 

•Misfired. 


29 


Exposure 

Peak  Pressure 
(psi) 

Time 

Ignition  Delay 

(nis) 

Rise 

225“  F/96  hr 

360 

10 

15 

700 

11 

-s  -» 

X  i 

720 

11 

16 

690 

12 

19 

-  a 

- 

840 

13 

13 

520 

13 

1-6 

610 

13 

18 

880 

10 

14 

225“  F/120  hr 

510 

15 

11 

.  a 

. 

800 

If. 

11 

760 

15 

11 

680 

16 

11 

640 

17 

12 

820 

16 

11 

500 

17 

17 

225“  F  Repeat  Exposures 

Unheated  control 

1130 

15 

17 

1080 

15 

18 

910 

14 

18 

1040 

14 

19 

1080 

14 

16 

225“  F/24  hr 

1040 

17 

15 

1090 

13 

16 

1010 

13 

21 

970 

14 

19 

1040 

12 

20 

1080 

12 

17 

970 

14 

20 

- 

1060 

13 

17 

990 

14 

19 

1000 

16 

19 

Misfired. 
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Peak  Pressure 

Time  (os^ 

Exposure 

(psi) 

Ignition  Delay 

Rise 

225“  F/48  hr 

860 

13 

16 

.  a 

- 

940 

14 

18 

940 

12 

14 

1010 

12 

16 

930 

13 

13 

900 

12 

14 

940 

14 

16 

S80 

13 

14 

900 

13 

17 

225“  F/72  hr 

810 

12 

19 

700 

14 

25 

730 

14 

17 

740 

15 

16 

740 

14 

17 

890 

11 

15 

980 

12 

12 

850 

12 

16 

840 

11 

15 

790 

13 

18 

225“  F/96  hr 

920 

11 

13 

.  a 

• 

820 

11 

14 

.  a 

- 

• 

640 

13 

21 

680 

13 

16 

_  a 

- 

> 

620 

12 

22 

225“  F/120  hr 

520 

15 

16 

510 

14 

17 

630 

13 

18 

520 

14 

18 

640 

11 

16 

590 

12 

13 

500 

14 

14 

580 

13 

14 

560 

14 

14 

770 

11 

15 

^sfired. 
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Exposure 

Peak  Pressure 
.  (psi) 

Time 

Isnltlon  Delay 

Rise 

225’  F/14A  hr 

500 

12 

19 

690 

11 

15 

490 

15 

16 

440 

14 

16 

540 

12 

16 

430 

15 

20 

430 

15 

16 

570 

13 

16 

320 

13 

19 

520 

14 

1? 

250’  F  Exposures 

Unheated  control 

1260 

15 

17 

1120 

14 

17 

1260 

14 

17 

1220 

16 

16 

1140 

14 

18 

250’  F/2  hr 

1^40 

13 

16 

1240 

14 

19 

1110 

14 

16 

1060 

15 

18 

1170 

15 

19 

250’  P/4  hr 

1050 

15 

17 

1110 

13 

17 

1090 

14 

16 

1110 

13 

17 

1140 

15 

17 

250’  F/6  hr 

1140 

15 

17 

1100 

14 

18 

1140 

14 

17 

1160 

12 

14 

1090 

14 

18 

250’  P/J  hr 

1190 

13 

20 

1100 

13 

14 

1100 

12 

15 

1080 

12 

17 

930 

22 

17 

I 
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APPENDIX  III 


BALLISTIC  DATA,  HIGH  TEMPERATURE -EXPOSED  MIO  PROPELLANT 
IN  M73  CARTRIDGE/M3  INITIATOR  SYSTEM 


Firing  temperature:  70®  F  (Ambient) 


Peak  Pressure 

Time  (ms) 

Exposure 

(PSt) 

Ignition  Delay 

Rise 

Unheated  control 

890 

16 

20 

970 

16 

18 

930 

1- 

20 

990 

15 

19 

970 

15 

20 

225®  F/12  hr 

980 

15 

18 

860 

15 

19 

900 

28 

18 

980 

15 

18 

920 

14 

19 

225®  F/24  hr 

1040 

16 

18 

S70 

17 

19 

880 

17 

20 

940 

16 

19 

1080 

14 

20 

225®  F/48  hr 

900 

16 

20 

820 

14 

22 

840 

27 

23 

840 

14 

21 

930 

17 

21 

225®  F/72  hr 

840 

31 

20 

970 

17 

21 

840 

29 

26 

960 

17 

24 

890 

16 

21 

225®  F/96  hr 

800 

17 

23 

750 

16 

840 

16 

24 

a 

• 

790 

16 

23 

•Misfired. 
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Peak  Pressure 

Tiiae  (tns) 

Exposure 

(psi) 

Ignition  Delay 

Rise 

225'  F/120  hr 

.  a 

660 

16 

28 

610 

18 

32 

640 

17 

27 

670 

18 

30 

225“  F/144  hr 

510 

14 

48 

440 

15 

31 

400 

19 

43 

390 

19 

36 

520 

19 

32 

225°  F/168  hr 

330 

15 

38 

430 

17 

43 

490 

16 

38 

510 

17 

30 

420 

17 

44 

225“  F/192  hr 

440 

14 

50 

440 

14 

35 

430 

15 

38 

470 

15 

31 

440 

16 

32 

225*  F/216  hr 

330 

12 

33 

380 

13 

34 

440 

16 

35 

300 

16 

42 

480 

16 

28 

•Misfired 


APPENDIX  IV 


;^IGHr  LOSS  vs  TIME, 

NITRATE  ESTER  PROPELLANTS  AX  2' >.3*  F 


Exposure  Time 
.  (hr)  __  _ 

WeiKht  Loss  <*) 

M5  Propellant 

M2  Propellant 

MID  Propellant 

24 

7.2 

3.4 

1.2 

48 

11.2 

12.2 

0.5 

72 

24.8 

15.4 

1.7 

96 

30.6 

24.2 

2.2 

120 

39.2 

26.7 

5.4 

144 

- 

32.5 

6.0 

168 

- 

- 

10.5 

192 

- 

~ 

11.2 

216 

• 

16.1 

NOTE:  Propellants  sealed  in  M73  cartridge  (see  DISCOSSIOH) . 
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APPENDIX  V 

NITROGEN  CONTENT  OF  NITROOELI.in.OSE  FROM 
PROPELLANTS  HEATED  AT  225=  F 


M5  Propellant 

Exposure 

X  Nitrogen  in 
Nitrocellulose 

7.  Nitrocellulose 
Recovered 

Unheated  control 

13.2® 

82® 

225°  F/16  hr 

13.0 

81 

225°  F/24  hr 

12.9 

73 

225°  F/48  hr 

12.5 

76 

225°  F/72  hr 

12.1 

72 

225°  F/96  hr 

12.0 

62 

225°  F/144  hr 

11.5 

53 

225°  F/216  hr 

• 

^Original  propellant  composition. 


HIO  Pr^oellant 
7.  Nitrogen  in 
Nitrocellulose 

13.2® 

12.6 

12.6 

12.0 

11.4 
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MW! 


APFEHBDC  VI 


MAJO*  GAS  COKPCHDfTS  ,• 

®Arn)  M73  caxtkuxss  comtainimg  xs  nomtAvr 


Cx»otur« 

Dry  alr^ 

02 

C02 

CO 

80 

820 

»2 

Gaa  at  STP 
(al) 

20.95 

0.03 

- 

- 

78.09 

Uohaatec!  control 

A 

i 

20.0 

20.5 

0.0 

0.2 

- 

- 

- 

76.7 

1 

*• 

74,1 

1 

MS*  r/16  hr 

A 

8 

0.0 

0.0 

51.2 

46.4 

6.9 

5.9 

JC.l 

16  1 

16.2 

14,1 

23.9 

25.5 

13 

13 

225*  f/24  hr 

A 

B 

0.0 

0.0 

30.6 

34.5 

7,6 

6.0 

4.2 

2.5 

7.5 

9.4 

47.7 

45.5 

5 

10 

MS*  F/48  hr 

A 

A 

0.0 

0.0 

40.7 

35.5 

6.? 

6.9 

1.6 

1.2 

8.2 

6.0 

40.1 

46.3 

24 

3 

22S*  r/72  hr 

A 

1 

0.7 

0.0 

58.1 

40.4 

2.6 

7.0 

0.0 

0.7 

6.4 

7.1 

19.4 

38.6 

5 

41 

22S*  7/M  hr 

A 

»' 

0.0 

SO  4 

5.8 

0.8 

6.5 

32.5 

4 

22S*  7/120  hr 

A 

B 

0.0 

0.0 

56.3 

47.7 

5.6 

1.0 

0,5 

0.6 

10.8 

8.6 

30.8 

*0.7 

93 

95 

MS*  7/144  hr 

A 

2 

0.0 

0.0 

SS.O 

49.3 

4.9 

5.9 

0.9 

1,0 

10.1 

8.0 

33.5 

39.5 

33 

72 

250*  7/2  hr 

0.0 

27.9 

7.6 

12,8 

8.0 

46.6 

6 

250*  7/4 

0.0 

34.9 

9.0 

4.1 

9.4 

46.0 

1C 

250*  7/8  hr 

0,0 

51.3 

6.7 

1.2 

11.5 

30.3 

46 

250*  7/U  hr 

O.w 

30.3 

10.4 

3.9 

8.3 

47.7 

5 

275*  7/1  hr 

0.0 

14.4 

4.4 

6.7 

3.6 

70.2 

3 

27S*  7/2  hr 

0.2 

22.2 

11.0 

9.5 

6.7 

31.7 

5 

tr«c»  ipwBttUo  of  tji(«rlttc«  cmitfi 
>>Tyi>ie«l  «aalr«i«  for  eo^tarUoa. 

*»«ult3r  Maplo  d<M  to  leak. 


>J>PESDIX  VII 


MAJOR  CAS  COMPONEKTS,* 

HEATED  M73  CARTRIDGES  OCNTAIKIHC  M2  PROreiXAHT 


Moles 

Percent 

Gat  at  STP 

Exposure 

C2 

C02 

CO 

HO 

N^C 

Ji2_ 

(•» 

Dr>-  air** 

20.95 

0.03 

- 

- 

78.09 

225*  F/24  br 

A 

0.0 

43.4 

6.3 

3.8 

11.5 

33.8 

18 

B 

0.0 

41.7 

7.7 

3.5 

II. 1 

34.5 

18 

225*  r/18  hr 

A 

1,2 

52.9 

3.0 

0.2 

18.3 

28.0 

77 

B' 

• 

* 

- 

- 

- 

- 

225*  F/72  hr 

A 

0.2 

63.3 

1.9 

0.3 

14.6 

19.6 

82 

B 

0.5 

59.2 

2.4 

0.5 

14.5 

21.6 

>100 

225*  r/96  br 

A 

0.0 

62.6 

2.4 

0.5 

1».5 

20.3 

>100 

B 

0.3 

60.0 

2.2 

0.3 

11.1 

22.0 

>100 

225*F/120  hr 

A 

0.0 

62.0 

2.2 

0.7 

12.5 

22.2 

>100 

B 

0.4 

sa.8 

3.1 

0.2 

12.4 

25 .0 

>100 

225*  P/I4A  nr 

A 

0.0 

50.1 

10.8 

0.5 

3.6 

55 .8 

43 

B« 

• 

- 

- 

• 

- 

• 

- 

250*  5/2  hr 

A 

0.0 

24.0 

9.2 

13.0 

4.1 

48.0 

4 

B 

O.l 

21.1 

8.1 

12.0 

3.3 

45.6 

3 

250*  F/4  hr 

A 

0.0 

36.0 

9.0 

7.5 

5.8 

42.3 

8 

B 

0,0 

32.8 

9.7 

7.5 

4.7 

45.5 

8 

250*  F/6  hr 

A 

0.9 

8.2 

13.4 

0.0 

0.4 

76.4 

5 

B' 

• 

- 

• 

- 

- 

• 

• 

*Axsoa,  H20>  and  trac*  quantities  of  Ispurltlea  oadttad. 
^typical  analysis  for  cotq>arlson. 
cfaulty  aas^la  due  to  I«afc. 
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APpEKDrs  vii: 


UA  TA;>  aAC  A'njTvmjtv'-e  4 

HEATED  K73  CAKTRIDGES  asriAINK-G  MIO  PSDPEllAST 


Ptoles  Percent 


*Argoa,  B:0,  aad  trac«  <{uantltics  oi 
^^pical  aaalyalt  for  coipariaon. 
‘faulty  aaapic  due  to  leak. 


iKpurltlcs  onlttcd. 


Gas  St  STP 


Exposure 

02 

CC2 

CO 

NO 

!ijC 

Ji2_ 

(=1) 

Dry  air^ 

20.95 

0.03 

- 

- 

78.09 

- 

225‘'  F/16  hr 

A 

5.4 

4«6 

4.9 

0.0 

'  a4 

83.8 

2 

B 

6.1 

3.3 

4.2 

o.c 

0.5 

83-8 

1 

225‘  F/24  hr 

A 

0.1 

7.0 

7.9 

0.3 

1.7 

82.2 

1 

B 

0.2 

6.7 

7.3 

0.1 

1.8 

82.6 

225’  r/&8  hr 

A 

1.5 

7.9 

10.5 

0..' 

0.5 

73.5 

- 

B 

C.O 

8.7 

16.7 

l.S 

0.9 

72.1 

225*  F/72  hr 

A 

C.2 

9.0 

13. r 

O.i 

l.l 

«.3 

3 

B= 

- 

* 

- 

*' 

- 

- 

225’  F/95  hr 

A 

0.0 

12.2 

\2.' 

0.3 

0.9 

,4.1 

5 

B 

1.1 

7.0 

12.S 

0.: 

0.7 

78. S 

6 

225*  F/ 120  hr 

A 

0.0 

16.3 

16.4 

0.4 

1.0 

65.9 

15 

B 

0.3 

9.0 

14.5 

0.0 

0.8 

73.5 

11 

225*  F/144  hr 

A 

0.5 

11,3 

15.3 

0.1 

0.8 

71.4 

10 

B 

0.5 

12.1 

14.6 

0.2 

0.7 

71.6 

12 

225*  F/16S  hr 

A 

0.3 

16.5 

13.8 

0.3 

0.6 

67-5 

9 

B 

0.2 

10.6 

15.9 

0.1 

0.7 

71.1 

12 

225*  F/192  hr 

A 

0.0 

18.7 

15.3 

0.7 

1.5 

63.1 

21 

B 

C.O 

19.0 

15.2 

0.7 

1.3 

63.3 

n 

225’  F/216  hr 

A 

0.0 

20.6 

15.2 

0.7 

1.8 

61.9 

21 

B 

O.l 

14,1 

17.2 

0.4 

0.9 

66.3 

12 

250“  ?/4  hr 

A 

1.4 

7.3 

0.0 

1.4 

81,4 

2 

B 

3.3 

6.2 

7." 

OJ 

1.2 

81.0 

250*  F/8  hr 

A 

0.0 

11.2 

9.3 

2.1 

71.2 

4 

B 

0.1 

8.5 

10  .1 

1.7 

-7.7 

3 

275’  F/2  hr 

A 

0,0 

11.2 

12.0 

3.1 

1.9 

71.1 

6 

B 

0.0 

14.1 

IC.l 

4.3 

1,9 

67.7 

■5 

APPENDIX  IX 


BALLISTIC  DATA,  DISC  COMPOSITE  PROPELLANT 
IN  M73  CARTRIDGE/M3  INITIATOR  SYSTEM 


Charge 

Avg 

Peek 

Tine 

Sssl _ 

Weight 

Web 

O.D. 

Pressure 

Ignition 

Propellant 

(m)_ 

(iR«) 

(In.) 

(,‘si) 

Delay 

Rise 

M5  (standard) 

2.8 

U.039 

1010 

15 

21 

2  8 

0.039 

1  .10 

15 

20 

ait:  623 

2.5 

0.040 

0.10 

10.30 

10 

16 

2.5 

0.040 

0,10 

1050 

13 

15 

ANR  2753BI 

2.5 

0.040 

0.20 

1040 

13 

15 

2.5 

0.040 

0.20 

1020 

10 

16 

Arcite  406 

2.5 

0.040 

O.IO 

640 

18 

14 

2.5 

0.040 

n.io 

870 

15 

16 

2.5 

0.040 

0.20 

890 

15 

20 

2.5 

0.040 

0.20 

890 

16 

18 

GCR  400 

2.5 

0,040 

0.10 

1040 

16 

15 

2.5 

0.040 

0.10 

1140 

14 

18 

2.5 

0.040 

0.20 

1210 

14 

13 

2.5 

0.040 

C-.20 

1170 

1.'- 

14 

OCR  310 

2.5 

0.O40 

C.lO 

690 

21 

23 

2.5 

0.040 

0.10 

690 

19 

20 

GCR  700 

2.5 

0.040 

0.10 

860 

11 

18 

2.5 

0.040 

0.10 

920 

10 

18 

2.5 

0.040 

0.20 

860 

15 

16 

2.5 

0.040 

0.20 

840 

18 

15 

GCP.  701 

2.5 

0.040 

0.10 

880 

i6 

IS 

2,5 

0.040 

0,10 

900 

15 

14 

2.5 

0.040 

0.20 

890 

15 

20 

2.5 

0.040 

0.20 

890 

15 

20 
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APPENDIX  X 


BALLISTIC  DATA,  GRAPHITE -COATED  DISC  COMPOSITE  PROPELLAJJT 
IK  K73  CARTRIDGE/n?  INITIATOR  SYSTEM 


GCu  701 


Charge 

Avg 

Peak 

Time 

_ 

Weight 

Web 

O.D. 

Pressure 

Ignition 

(sbI- 

llELii 

Delay 

Rise 

2.8 

0.039 

- 

1080 

15 

23 

2.8 

0.039 

- 

1350 

18 

23 

2.8 

0.039 

- 

1240 

21 

18 

2.8 

0.039 

- 

1340 

18 

20 

2.8 

0.039 

- 

980 

20 

18 

2,8 

0.039 

- 

1160 

18 

23 

2.5 

0.04C 

0.10 

1260 

15 

13 

2.5 

0.040 

0.10 

1160 

15 

19 

2.5 

0.040 

0.10 

1060 

25 

18 

2.7 

0.040 

0.10 

1220 

18 

18 

2.1 

0.040 

0.10 

1420 

15 

18 

2.7 

0.040 

0.10 

1500 

18 

20 

2.5 

0.040 

0.20 

1260 

18 

18 

2.5 

0.040 

0.20 

1280 

15 

18 

2.5 

0.040 

O.iO 

1290 

14 

19 

2.7 

0.040 

0.20 

1450 

15 

18 

2.7 

0.04C 

0.20 

1400 

15 

20 

2.7 

0.040 

0.20 

1390 

16 

19 

2.5 

0.040 

0.10 

1030 

18 

20 

2.5 

0.040 

0.10 

1100 

15 

23 

2.5 

0.040 

0.10 

UlO 

18 

20 

2.7 

0.040 

0.10 

1400 

15 

18 

2.7 

0.040 

0.10 

1420 

12 

21 

2.7 

0,040 

0.10 

1340 

16 

18 

2.5 

0.040 

0.20 

1290 

11 

24 

2.5 

0.040 

0.20 

1230 

15 

20 

2.5 

0.040 

0.20 

1230 

13 

20 

2.7 

0.040 

0.20 

1410 

15 

13 

2.7 

0.040 

0.20 

1330 

15 

18 

2.7 

0.040 

0.20 

1320 

15 

20 

2.5 

0.040 

0.10 

880 

14 

16 

2.5 

0.040 

0.10 

770 

15 

18 

2.5 

0.040 

0,10 

970 

14 

16 

2.7 

0.040 

0.10 

1050 

15 

19 

2.7 

0.040 

0.10 

1040 

15 

20 

2.7 

0.040 

0.10 

lllO 

18 

15 

2.5 

0.040 

0.20 

970 

20 

20 

J.5 

0.04C 

0.20 

900 

23 

20 

2.5 

0.040 

0.20 

880 

20 

23 

2.7 

0.040 

0,20 

a 

- 

- 

2.7 

0.040 

0.20 

960 

18 

23 

2.7 

0.040 

0.20 

990 

20 

20 

g 

i 

\ 

i 

I 


I 


*Riiage  malfunction 
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APPENDIX  XI 


BALLISTIC  DATA,  COMPOSITE  PROPELLANTS 
IN  M73  CARTRIDGE/M3  INITIATOR  SYSTEM 


Firing  te^erature:  -65°  F  (low) 


Propcilaat 
ANR  2753BI 


G£3l  400 


OCR  700 


OCR  701 


Tiarge 

Avg 

Peak 

Tiioe 

(”g)  -  - 

weight 

Web 

O.D. 

Pressure 

Ignition 

(sm) 

-  (in.) 

■Cip.)  ■ 

(psi) 

Delay 

Rise 

2.5 

0.040 

0.20 

1360 

13 

16 

2.5 

0.040 

0.20 

1120 

11 

18 

2.5 

0.040 

0.20 

1190 

11 

19 

2.5 

0.040 

0.20 

1090 

14 

19 

2.5 

0.040 

0.20 

1100 

13 

19 

2.5 

0.040 

0.10 

1190 

16 

20 

2.5 

0.040 

0.10 

1210 

16 

15 

2.5 

0.040 

0.10 

1170 

15 

.8 

2.5 

0.040 

0.10 

1110 

16 

16 

2.5 

0.040 

0.10 

1110 

16 

18 

2.5 

0.040 

0.20 

1300 

13 

16 

2.5 

0.040 

0.20 

1120 

14 

18 

2.5 

0.040 

0.20 

1150 

14 

15 

2.5 

0.040 

0.20 

1070 

16 

18 

2.5 

0.040 

0.20 

113C 

15 

15 

2.5 

0.040 

0.10 

1040 

15 

15 

2.5 

0.040 

O.IO 

liOO 

14 

18 

2.5 

0.040 

0.10 

1220 

14 

19 

2.5 

0.040 

0.10 

1040 

14 

19 

2.5 

0.040 

0.10 

1050 

15 

13 

2.7 

0.040 

0.10 

1240 

13 

16 

2  7 

0.040 

0.10 

1170 

13 

19 

2.7 

0.040 

0.10 

1130 

13 

13 

2.7 

0.040 

0.10 

1150 

15 

19 

2.7 

0.040 

0.10 

1140 

14 

19 

2.7 

0.040 

0.20 

1130 

15 

23 

2.7 

0.040 

0.20 

1120 

15 

24 

2.7 

0.040 

0.20 

1050 

15 

25 

2.7 

0.040 

0.20 

1010 

18 

23 

2.7 

0.040 

0.20 

950 

18 

21 
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APPESMX  XI 


BALLISTIC  DATA.  »ICK  TSHPERATURE-SXPOSED  CtWPOSlTE  PRDHTLLAKT 
W  M  '  CASYRlDCc'H3  LStTUTOR  SYSTEM 

Firing  teap^rature:  70*  f  <2£61<-At) 


I 

* 

I 


Vib 

0.0 

Peak 

Presiure 

T^aa 

Ignition 

U-J _ 

Pron«ll«{it 

(in.) 

(la.) 

Exposure 

(p«() 

Delay 

Rita 

H5  (standard) 

. 

Unh«'ated 

1440 

18 

20 

- 

- 

•* 

1130 

15 

I’* 

* 

- 

** 

132C 

19 

23 

* 

• 

** 

1330 

15 

20 

• 

* 

■■ 

1310 

70 

OCR  i;00 

0.040 
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I  IS.  Amrnfict 

I  Single  and  dduble  base  propellants,  as  -sed  in  propellant  actuated  device  (PAD) 
cartridges,  were  subjected  to  high  temperature  conditions  short  of  autoignition, 
n^ir  thensel  deterioration  was  measured  by  decy  in  peak  pressures  in  firings  in 
tha  M73  PA5  Cartridgc/t!3  Initiator  system  and  by  estiaction  of  weight  loss,  change 
in  nitrogen  content  of  nitrocellulose,  gas  evoluntion,  and  grain  deformation.  The 
propellents  degraded  rapidly  at  225'*  and  250"  F,  and  would  not  survive  ^ 
■exposure  to  permit  evaluction. 

The  ballistic  feasibility  of  substituting  composite  propellatns  for  nitrate 
es^rs  in  PAD  cartridges  was  demonstrated  in  the  K73  cartridge.  This  required 
hand- tailoring  of.  grains  because  composite  propellants  in  gun-type  geometries  were 
not  available  fron  major  cos^csite  propell&nt  sources. 

Composite  propsllants  es^loylng  ammonium  perchlorate  oxidizer  performed  satis¬ 
factorily  in  Che  M73  Gartridge/M3  Initiator  systian  at  -65"  F,  but  were  marginal 
af tet  two  hours ’  exposure  at  40C °  i. 

It  is  recommended  that  efforts  be  continued  for  the  development  of  c(»iq>oslte 
propellants  employing  potassium  perchlorate  oxidizer  to  withstand  *^5"  to  +400"  F 
I  soak  te^eraturos. 
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